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Abstract 
The Common Channel Signalling No. 7 Network first appeared in the CCITT Yellow 
Book Recommendations in 1980 [1] and later revised in the Red Book and Blue Book 
Recommendations of 1984 and 1988 [2] and [3] respectively. It is a signalling method 
initially developed to meet the advanced signalling requirements of the all-digital 
network, in which circuit related signalling information can be conveyed over a 
separate data link by addressed messages. After its introduction, the signalling system 
has formed an integral part into the telecommunication networks of most PTT (Post, 
Telephone and Telegraph) Administrations. Hong Kong Telephone had started the 
study of implementation of Common Channel Signalling No. 7 Network in Hong 
Kong since 1987 and up to now a network with 6 Signal Transfer Points have been 
built and brought into service. Since then, the planning and design of the signalling 
network is based on a highly simplified model that the network is well-balanced, 
allowing analytical solution to be made for planning purposes. This traditional 
approach simplifies the planning processes but it is not applicable when real situations 
are considered. The simulation tool developed here incorporates a model so that real 
case conditions can be applied to the model to estimate the impacts or performance 
of particular parts of the network when certain conditions are altered. This should 
help the network planner to get a foresight into the network performance when 
certain policy or strategy are intended to be implemented into the network. 
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Chapter 1 
Introduction 
Common Channel Signalling No. 7 (hereafter referred to as CCS#7) [5] is a 
signalling method in which a dedicated network conveys information relating to the 
signalling of telephone circuits by means of labelled messages. Common channel 
signalling can be regarded as a form of data communication that is specialized for 
various types of signalling and information transfer between processors in 
telecommunication networks. The signalling system uses signalling links established 
over 64 kbit/s channels for transfer of signalling messages between exchanges in the 
telecommunication network served by the signalling system. In this chapter, the 
advantages and objectives of Common Channel Signalling System will be discussed 
and then the basic concepts and components of the CCS#7 network will be described 
in details. 
1.1 Objectives of Common Channel Signalling 
1.1.1 Channel Associated Signalling [4] 
Traditional signalling systems, e.g. decadic or R1 signalling, are characterized 
by the fact that signalling information, for the setup or release of a call, shares 
the same transmission channel with the call itself. They are called Channel 
Associated Signalling. This approach has some basic disadvantages. 
As the actual dialing process is normally rather slow, many calls can be in a 
transient stage in a switch at any one time. Therefore many signalling devices are 
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required to guarantee an adequate grade of service. Those signalling devices 
therefore have to be rather simple, if costs are to be kept down, and only a rather 
limited number of information elements could be processed by these signalling 
systems (only digits and some additional signals). As a consequence, services 
other than the basic telephone service are limited in number and awkward to use. 
The relatively long call setup time together with the limited amount of 
information that could be transmitted results in a very bad utilization of the 
allocated transmission or speech channels. This bad utilization is particularly 
apparent when the channel capacity is 64 kbits/second, in comparison to the 
signalling information rate of a few bits per second. This less than optimal 
utilization resultes in a low grade of service as would actually have been possible 
with the given resources. 
1.1.2 Common Channel Signalling 
The introduction of Stored Program Control (SPC) exchanges allows the 
concentration of the signalling information for a multiplicity of trunks in one or 
a few dedicated signalling links between exchanges, which leads to the 
introduction of common channel signalling and brings immediate advantages. The 
utilization of the transmission channels was improved and the number of 
signalling devices could be reduced. As speech and signalling channels are 
separated, more sophisticated encoding schemes could be used. This allows a 
greater number of information elements to be transmitted giving rise to more and 
better services. 
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The introduction of digital transmission systems and progress in the area of data 
communications soon made possible further progress in the area of signalling, 
ultimately resulting in Common Channel Signalling No. 7. A CCS#7 network can 
be regarded as a data communication network optimized for the transfer of 
various types of signalling information to be transferred between the processors 
of a telecommunications network. 
1.2 Functional Description 
The CCS#7 network is basically divided into two main parts :-
- Network Service Part 
- User parts and Application parts for different users 
The Network Service Part is a combination of Message Transfer Part (MTP) [6] 
and an optional Signalling Connection Control Part (SCCP) [7]. The overall 
function of the Message Transfer Part is to serve as a transport system providing 
reliable transfer of signalling messages between the locations of communicating 
user functions. 
Within each signalling network node, the signalling functions are divided into 
four basic hierarchical levels :-
- Level 1 : the signalling data link functions 
- Level 2 : the signalling link control functions 
- Level 3 : the signalling network control functions 
- Level 4 : the user part functions 
Level 1 defines the physical, electrical and functional characteristics of a 
signalling link and the means to access signalling link. Level 2 defines the 
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functions and procedures (protocols) for and relating to the reliable transfer of 
signalling messages over individual signalling data links. Level 3 defines those 
transport functions and procedures that are common to and independent of, the 
operation of individual signalling links. It comprises the major functions of 
signalling message handling, routing and signalling network management. 
Level 4 consists of the different User/Application Parts. Each user part defines 
the functions and procedures of the signalling system that are particular to a 
certain type of user/application of the system. For example, the Telephone User 
Part (TUP) [8] defines the necessary telephone signalling functions for national 
or international call control. 
Signalling information is assembled in at the level 4 by the User or Application 
Part concerned and is transferred as an entity by the message transfer function. 
This information includes information identifying the type and format of the 
message and user information, such as one or more telephone or data control 
signals, management and maintenance information, etc. It also includes a label 
that provides information enabling the message to be routed by the level 3 
(signalling message handling) functions through a signalling network to its 
destination, and to be directed at the receiving signalling point to the relevant 
User Part and to the particular circuit, call management or other transaction to 
which the message is related. On the signalling link, each signalling message is 
packed into a Message Signal Unit which also includes transfer control 
information related to the level 2 functions of the link. 
The Signalling Connection Control Part is built on top of the Message Transfer 
Part and is an enhancement to the level 3 functions of the Message Transfer Part, 
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which provides additional services for connectionless and connection-oriented 
circuit and non-circuit related signalling information to be transferred. 
Figure 1.1 shows the functional diagram of the Common Channel Signalling 
No. 7 System. 
1,3 Signalling Network Basics [6], [9] and [10] 
The Common Channel Signalling network is realized by separating the signalling 
path from the speech path over the whole telecommunication network, but 
sharing common facilities such as the transmission and switching systems. The 
basic common channel signalling network consists of a number of switching and 
processing nodes interconnected by specialized communications links. To 
communicate using the CCS#7, each of these nodes requires to implement the 
necessary features of CCS#7 making that node a signalling point within the 
signalling network. The combination of these signalling points and their 
interconnecting signalling links forms the Common Channel Signalling Network. 
In the following paragraphs, the basic terms and components of the signalling 
network will be introduced. 
Signalling Links 
A transmission means which consists of a signalling data link and its 
transfer control functions, used for reliable signalling point to signalling 
point transfer of signalling messages. Signalling Links are usually 
implemented as the 64 kbit/s channels of a PCM-24 or PCM-30 links. 
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Signalling Link-set 
A collection of one or more signalling links directly connecting two 
signalling points, two signalling transfer points or a signalling point and a 
signal transfer point. 
Signalling Messages 
A signalling message is an assembly of information which includes user data 
and addressing information for routing by the signalling network. The 
format and contents of a signalling messages will be detailed in a later 
session. 
Signalling Points 
Nodes in the signalling network which is capable of originating, terminating 
or transferring signalling messages from one signalling link to another, or 
both. Examples of signalling points in a signalling network include Local, 
Tandem and Toll exchanges, Signal Transfer Points and Operation and 
Maintenance Centres. 
Signalling Point Code 
A binary code of 14-bits in length uniquely identifying a signalling point in 
a signalling network. If the code is used to identify a signalling point where 
messages are originated is called an Originating Point Code, and 
Destination Point Code if messages are destined. 
Signal Transfer Point 
It is a signalling point which only performs the function of transferring 
signalling messages from one signalling link to another. 
Signalling Relation 
It is the relation between two signalling points involving the possibility of 
information interchange between corresponding user part functions. 
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Signalling Routes 
A path made up of one or more link sets in tandem over which signalling 
messages for a particular signalling relation is routed is said to constitute a 
signalling route. 
Signalling Route Set 
The combination of all the permitted signalling routes that may be used to 
pass signalling messages from a signalling point to a specific destination. 
Figure 1.2 explains the different terms and components in the Common Channel 
Signalling No. 7. 
Signalling Unk ~ \ Signal , 、 、 Signal 
\ Transfer ( ) ^ ^ Transfer ^ ^ ^ 
Signalling Unk-set \ \ Point Point 
Signalling] ( ^ ^ S i g n a l l i n g ] 
\ . . / 
\ 、 K Signalling Route , / 
\ \ Signalling Route Set Z 
\ \ 、 z Z ' " " 
A Signalling Relation 
Figure 1.2 The Terms and Components of Common Channel Signalling No. 7 
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1.4 Network Topology [10] and [11] 
The signalling network topology refers to the way signalling points and Signal 
Transfer Points are connected by signalling link-sets. 
Signalling Modes 
Signalling modes refers to the association between the path taken by a 
signalling message and the signalling relation to which the message refers. 
There are three modes :-
- In Non-Associated mode of signalling, the messages relating to a 
particular signalling relation are conveyed over a number of signalling 
link-sets in tandem, passing through one or more signalling points 
other the originating and destination point code. However, this mode 
is not specified in any CCITT recommendations. 
- The Quasi-Associated mode of signalling is a limited case of the non-
associated mode where the path taken by the message through the 
signalling network is predetermined and passing through one or more 
Signal Transfer Points. 
- In the Associated mode of signalling, the messages relating to a 
particular signalling relation are conveyed over a link-set, directly 
interconnecting those signalling points. 
The CCITT Recommendations [6] are designed for operation in the 
associated and quasi-associated modes. Figure 1.3 illustrates these two 
signalling modes. 
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广 \ I 1 Message route 
( S P l y S T P S T P v / Normally Fixed 
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(a) Associated Mode (b) Quas i -Assoc ia ted Mode 
Figure 1.3 Illustration of Different Signalling Modes 
In practice, a mix of both associated and quasi-associated modes of 
signalling are generally used, with an overall network preference towards 
the latter mode. Quasi-associated mode permits more efficient utilization of 
signalling links since the number of links increases linearly with the number 
of signalling points. In contrast, with pure associated mode the number of 
links increases quadratically with the number of signalling points and 
therefore presents the greater cost but lowest delay. 
Network Hierarchy 
The use of quasi-associated mode of signalling implies the employment of 
Signal Transfer Points. Usually, a Basic Mesh network will be used to 
interconnect the Signal Transfer Points. This results in a very reliable 
signalling network. However, excessive meshing on an inter-regional basis 
is costly. Thus a hierarchical network of STPs will be used but the 
hierarchy and routing discipline for such a network should be kept simple 
to minimize the overall message transfer delay. 
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Network Assignment 
Two network assignment methods for connecting signalling points to Signal 
Transfer Points are possible. 
- Paired Allocation 
Paired allocation is a network assignment method which results in a 
signalling netwrok structure having each signalling traffic-carrying 
component secured by a duplicate component. Each component is 
provisioned to carry the combined load should its duplicate component 
fail. As a result, 50% of the network capacity is provided for 
redundancy. 
In real terms two STPs are paired to act as "active standby" for each 
other. SPs are grouped into Clusters, and an STP pair is exclusively 
assigned to each cluster. All signalling traffic of a cluster is controlled 
by its own STP pair. The number of clusters making up the network 
is equal to N/2, where N is the number of STPs in the network. 
Figure 1.4 (a) illustrates a paired allocation network with N = 6. 
- Free Allocation 
Free allocation is a network assignment method which also results in 
a signalling traffic carrying component secured by a duplicate 
component. In addition it mates the major components (such as STPs) 
with a number of other components. As a result, when a major 
component fails, its load will a number of components 
(instead of one as in the case of paired allocation), and hence less 
redundant capacity of the network is required. Referring to Figure 1.4 
(b), in a free allocation network each STP is an active standby for 
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more than one STPs. SPs are grouped into clusters, and associated 
with each cluster is a pair of STPs. However, with these structure, an 
STP for a given cluster controls not only the transfer of signalling 
traffic in relation to that cluster, but also in relation to SPs from other 
clusters which use the same STP as one of their pair. Therefore these 
STPs are said to be mated. 
The number of clusters resulting from this arrangement depends on the 
number of STPs N making up the network as well as the number of 
STPs M to which each STP is mated (or the number of STPs each SP 
is connecting), and can be calculated as NM/2. Fully free allocation 
occurs when M = N - 1. 
纖一.灘 vW / / 
(a) Paired Al locat ion wi th 6 STPs (b) Free Al locat ion with 6 STPs 
and mate equal to 2 Figure 1.4 Network Assignment Methods for Common Channel Signalling Network 
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1.5 Signalling Messages 
Signalling and other information originating from a user part is transferred over 
the signalling link by means of signal units. There are three types of signal units 
used in CCS#7 :-
- Messages Signal Units (MSU) 
which contains user part information to be transferred between signalling 
points. 
- Link Status Signal Unit (LSSU) 
which are sent during initialisation to indicate the status of the link. 
- Fill-in Signal Unit (FISU) 
which are sent when there are no messages waiting to be transmitted. 
The basic structure of a signalling message is indicated in Figure 1.5. The 
opening Flag indicates the start of a signal unit. The opening flag is also the 
closing flag of a previous signal unit, which is the bit pattern 01111110. The 
Forward Sequence Number, Forward Indicator Bit, Backward Sequence 
Number and Backward Indicator Bit constitute the level 2 function of the 
Message Transfer Part. They work together to perform the window size control, 
signal unit sequence control and acknowledgements for reception of signal units. 
The detail mechanisms of how they work is not covered here (References [6] and 
[12] can be referred). 
The Length Indicator (LI) is used to indicate the number of octets following the 
length indicator octet and preceding the check bits and it is a 6-bit binary 
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number. The LI can also be used to differentiates between the three types of 
messages as follows :-
- Length Indicator = 0 Fill-in Signal Unit 
- Length Indicator = 1 or 2 Link Status Signal Unit 
- Length Indicator > 2 Message Signal Unit 
Within each Message Signal Unit, there are the Signalling Information Field 
(SIT), which comprises the relevant User Part message and consists of an integral 
number of octets in between 3 and 272 inclusively, and the Routing Label which 
contains all information pertinent to the message handling functions in level 3 of 
Message Transfer Part. The contents of a Routing label consists of :-
- The Destination Point Code (DPC) of 14 bits in length 
- The Originating Point Code (OPC) of 14 bits in length 
- The Signalling Link Selection field (SLS) of 4 bits in length, which is the 
4 least significant bits of the Circuit Identification Code (CIC) in case of 
Telephone User Part. 
The details of how the routing label is used in message routing will be discussed 
in a later chapter. 
The Circuit Identification Code (CIC), which is 12 bits in length, is the binary 
representation of the actual circuit number in a PCM link which the exchange 
processor assigns to the speech circuit for a given telephone connection. Its prime 
purpose is to provide identification of each speech circuit to be employed 
between the originating and destination signalling points. For example, if the 
digital path uses PCM-24 (2048 bit/s) system, the CIC contains in the 5 least 
significant bits a binary representation of the actual number of the time slot which 
is assigned to the speech circuit, which ranges from 1 to 24. The remaining bits 
-Page 1.14 -
CCS No.7 Simulation — - _ S Y L e e 
in the CIC are used to identify one among several PCM-24 systems 
interconnecting an originating and destination point. Thus, in this case, the 
Signalling Link Selection (SLS) will consist of the least significant 4 bits of the 
time slot number and will range from 0 to 15. 
The Service Information Octet (SIO) is divided into a Service Indicator (SI) 
and a Sub-Service Field (SSF). The service indicator is used to associate 
signalling information for a particular user part and is present in MSUs only. 
Each is 4 bits in length. For example, an SI with a value 0100 relates to the 
telephone user part. The SSF portion of the SIO contains two Network Indicator 
(NI) bits and two spare bits. The NI discriminates between international and 
national signalling messages. IT can also be used to discriminate between two 
national signalling networks. At the closing end of the signal units, there is a 16 
bits long Check Bits for receiving side to check whether the signal unit is 
received correctly. 
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Chapter 2 
Common Channel Signalling No. 7 Network 
of Hong Kong Telephone 
Hong Kong Telephone had started the implementation of Common Channel Signalling 
No. 7 Network in 1987 and the first Signal Transfer Point had been brought into 
service since 1988. Since then the Common Channel Signalling No. 7 Network 
consisted of 4 Signal Transfer Points with mesh interconnection and Signalling Points 
were arranged into 4 clusters in accordance with their message volumes. Later in 
1988，the message traffic forecasts showed that the 4 STP CCS#7 network would be 
exhausted by 1992. Thus two additional STPs were planned to be installed. With the 
completion of the installations of the additional STPs in 1991, the CCS#7 network 
now becomes a 6 STP fully mesh signalling network and the signalling points are 
arranged in 6 clusters. In this chapter, the planning criteria of Common Channel 
Signalling no. 7 network in Hong Kong Telephone will be discussed and the existing 
signalling network will be described. 
2.1 System Performance Criteria 
System performance criteria refer to the ability of a network to provide users a 
desired grade and quality of service. In general, the signalling network 
performance shall conform to the following design objectives (reference CCITT 
1988 Blue Book Recommendation Q.706):-
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- The undetected error should not be more than one in of all signal units 
transferred by Message Transfer Part. 
- Loss of messages should not be more than one in 10^  messages due to 
failure in the Message Transfer Part. 
- Messages out-of-sequence should not be more than one in messages 
delivered to the user parts due to failure in the Message Transfer Part. This 
value is inclusive of duplicated messages. 
In addition, areas in Post Dialing Delay, Availability and Survivability shall be 
considered. 
2.1.1 Post Dialing Delay 
Post Dialing Delay is the time taken to return ring tone to the calling customer 
after dialing has been completed. In order to avoid dissatisfaction, post-dialing 
delay must be as short as possible. The factors affecting post dialing delay 
includes :-
- the signalling link transmission rate (which is fixed at 64 kbit/s) 
- the transfer delay of signalling points and signal transfer points 
- the queuing delay of Message Signal Units in signalling link 
- the propagation delay of transmission link (Hong Kong Telephone currently 
used PCM-24 system which has an estimated propagation delay of4iis/km.) 
- the error rate of transmission link (which is less than 10'^ ) 
- the number of Signal Transfer Points in tandem 
The dominant factor constituting to the post dialing delay will be the number of 
Signal Transfer Points in tandem and their transfer delays. CCITT has 
recommended the maximum numbers of STPs traversed for each route of a 
signalling relation to be two under normal operating conditions and four under 
failure conditions. 
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The queuing delay time at level 2 would have a significant effect on the overall 
delay if the signalling traffic load is too high, especially when over 0.6 Erlang. 
To ensure the queuing delay is acceptable, the signalling load should be not 
exceed 0.2 Erlang. 
2.1.2 Availability 
Unavailability is the fraction of time that a signalling route set would not provide 
an acceptable signalling route for a signalling relation. The CCS#7 may be 
considered as a central nervous system for the telephone network. In order to 
ensure a high reliability of the overall network, the signalling network should be 
designed with a higher reliability than that of the telephone network. The 
objectives are given in CCITT Blue Book Recommendation Q.706 as follows :-
- Failure of any one signalling link or STP should not cause loss of the ability 
to route traffic to any destination nor overload the network. 
- The unavailability of the individual signalling route sets of the signalling 
network for trunk connections should not exceed ten minute per year. 
The unavailability for PCM-24 systems used in Hong Kong Telephone is 244 
minutes per year. Thus to achieve the stringent requirements, alternate routes 
within a route set and physical diversity should be provided. 
2.1.3 Survivability 
Survivability is a measure of the network's ability to withstand single and 
multiple failures of its major components. The objectives to achieve are :-
- to maximize the number of signalling points remaining to be connected to 
the signalling network as a result of single or multiple failures. 
- to maximize the percentage of traffic of the network to be served by the 
signalling network as a result of single or multiple failures. 
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To achieve the above objectives, the general principle in designing the signalling 
network is by spreading the load over the available limited resources and evenly 
assigning signalling points between signal transfer points of the signalling 
network. 
2.2 Implementation Considerations 
The signalling network should in general designed with simplicity, reliability and 
flexibility to accommodate the demand growth. Thus the following considerations 
are gone through when implementing the CCS#7 network in Hong Kong 
Telephone. 
2.2.1 System Constraints 
For simplicity, it was decided that the whole signalling network will be built of 
equipment from a single supplier and Fujitsu was chosen as the sole supplier. In 
designing the network, the constraints on system components should be known 
first. According to the technical documents (series TE-75947) from Fujitsu, the 
maximum design figures for signal transfer points and signalling links are as 
follows :-
- The maximum message handling capacity is 20M MSU/hr for Signal 
Transfer Point and 0.15M MSU/hr for signalling link 
- The maximum delay for Signal Transfer Point is 150 ms and a mean of 50 
to 100 ms depending on the processor version and operating system file 
version. 
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2.2.2 Number of Signal Transfer Points 
The signalling message volume is estimated on the basis of total number of call 
attempts according to the following criteria :-
Messages 二 Factor 1 x Factor 2 x Total Trunk No 
X BHCA per Trunk x Message per Call 
where Factor 1 : 
allowance for non-voice traffic (taken as 1.15) 
Factor 2 : 
factor accounting for non-coincidence of busy hours of different 
trunk circuits (taken as 0.8) 
Total Trunk No : 
the total number of speech trunk circuits in the network 
BHCA per Trunk : 
the busy hour call attempts per trunk circuit 
Message per Call : 
the average number of messages generated by a call attempt and 
is taken to be 5.5, which is explained in the appendix of this 
chapter 
The number of Signal Transfer Points required is estimated by the following :-
No of STP - Message Volume x Usage Ratio x STP Stages 
STP Message Handling Capacity 
where Usage Ratio : 
STP utilization ratio, taken to be 40/61 (to be discussed in 
chapter 5) 
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STP Stages : 
Average number of STP stages traversed by a signalling 
message, taken to be 1.67 (which is discussed in the appendix of 
chapter 3) 
Based on the 1988 forecast, the total number of STP estimated is 6 in order to 
meet demands up to 1993 and the 6 STPs will be connected in a fully meshed 
interconnection for design simplicity. Thus a hierarchy for STP network will not 
be employed. 
2.2.3 Signalling Modes and Assignments 
In order to limit the size and complexity of the STP network, associated 
signalling will be used in major exchange connections. In addition Quasi-
associated link will also be provided for these routes as a back up in case the 
associated link is failed to increase the availability. In this way the loading on the 
STP network can be reduced during normal operation. The other connections will 
be connected using quasi-associated links alone. 
The connection assignment follows the Free Allocation method so that the 
network utilization during normal operating conditions is high and thus 6 Clusters 
are formed. The mating factor is 2, that is the loading of failed STPs will be 
shared by 2 other STPs or each signalling point is connected to 2 STPs. The 
clustering of the signalling points to the STPs will depend solely on its signalling 
traffic alone in such a way that the loading of the STP network is well-balanced. 
This is made possible by the fact that the connections are not constrained by 
physical factors as the relative distance between any two points in the Hong Kong 
region is considered short in view of cost for establishing a transmission path. 
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2.2.4 Signalling Link-sets and Diversity 
The signalling link-sets consist of a number of signalling links. The number of 
signalling links will be calculated based on the signalling message traffic the 
signalling link-sets to be handled, with the fact that each link can handle a 
maximum of 0.15M MSU/hr. 
In addition, to increase the availability, each signalling link-sets will be physically 
diversified into two PCM-24 systems for quasi-associated links only. Thus 
normally for each quasi-associated signalling link-sets, a total of 48 signalling 
links are potentially available but only the required amount is put into service and 
the cost to put additional links into operation is very low. The active links will 
be evenly allocated to these two diversified PCM systems. 
2.2.5 Post Dialing Delay 
It is estimated in the appendix of this chapter that the average queuing delay for 
a signalling messages under the condition specified above is less than 1 ms. 
Comparing with the transfer delay of Signal Transfer Points, which is of the 
order of 100 ms, the queuing delay is negligible. Assuming the average number 
of STP stages traversed by a signalling message is 1.67 (discussed in appendix 
of chapter 3)，the post dialing delay will be around 0.1 to 0.2 s, which is 
considered as a high grade of service. 
2.3 The Common Channel Signalling Network of Hong Kong Telephone 
The existing Common Channel Signalling No. 7 Network of Hong Kong 
Telephone is shown in Figure 2.1 pictorially. The 6-STPs, namely :-
TPC - Tai Po Central STP 
YCK - Yuen Chau Kok STP 
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PKT - Pak Tin STP 
KGR - King's Road STP 
ADM - Admiralty STP 
LHK - Lai Chi Kok Phase II STP 
are interconnected in a fully-meshed configuration. For easy reference they are 
numbered from 1 to 6 respectively for the purposes of this project only. The 
signalling link-sets connecting adjacent STPs consist of a total of 6 signalling 
links physically diversified between two separate and dedicated PCM-24 systems 
while the signalling link-sets connecting opposite STPs (non-adjacent) consist of 
8 signalling links in total. 
The Signalling points, which include Local, Tandem, Toll and other service 
tandem exchanges, are sub-divided into 6 clusters in such a way that the message 
loading generated by each cluster is approximately the same. Normally the 
clusters are named from A to F but for programming simplicity they are 
converted as 1 to 6. Each signalling point inside a cluster is connected to two 
adjacent STPs. Since the individual signalling link-sets from signalling points are 
not interested, the signalling link-sets from one cluster to a certain STP is 
grouped and treated as a single signalling link-set. 
Again for programming simplicity, all signalling link-sets will adopt an artificial 
numbering as shown in Figure 2.1, which are not the naming system used in 
Hong Kong Telephone. 
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Figure 2.1 The Pictorial CCS#7 Network of Hong Kong Telephone 
Appendix ； Queuing Delay Estimation 
In order to estimate the queuing delay for a signalling message in a signalling 
link, the average message length is required. According to CCITT Blue Book 
Recommendations Q.724 on Telephone User Part, the message flow sequences 
for different types of successful calls are as shown in Figure 2.2 and Figure 2.3. 
The complete calls message sequences are considered since they represent the 
largest number of messages and bits per message among the call sequence in 
Telephone User Part. The message flow is briefly explained as follows :-
-Page 1.9 -
CCS No.7 Simulation -——SYLEE 
1. After the digit/address information are received from the calling side and 
analyzed by the originating signalling point, the outgoing speech circuit is 
seized and the Initial Address Message (lAM) is sent, containing all the 
necessary address signals. 
2. The called side signalling point will then analyze the address information to 
determine that all the required address signals have been received. If so, it 
will complete the set-up of the speech path and send out the Address 
Complete Message (ACM) and ringing tone to the calling side. It then 
rings the called subscriber. 
3. When the called subscriber answers, either an Answer Charge (ANC) or 
an Answer No-charge (ANN) is sent back to the originating signalling 
point, depending on whether the call should be charged or not. Then the 
two parties can start conversation. 
4. Now there are two cases, the first case is the called subscriber hangs up 
first. A Clear Back Message (CLB) will be sent to the originating 
signalling point, which, on reception, will start a timer of timeout period 
1 to 2 minutes. If timeout, the originating side sends out a Clear Forward 
Message (CLF). The called side, on reception of the CLF, will release all 
the resources held for this call and then sends out a Release Guard 
Message (RLG). The calling side will then release all resource for the call 
when RLG is received. 
5. The second case is that the calling subscriber hangs up first. Then the 
calling side will send out the CLF message immediately after hang up. 
Subsequent message flows are similar to (4) above. 
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Figure 2.2 Message Flow for Complete Calls 
(Called Side Release First) 
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Figure 2.3 Message Flow for Complete Calls 
(Calling Side Release First) 
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Making a simple assumption that the chance of called subscriber or calling 
subscriber release first is equal. Thus the average number of messages per call 
is (5 + 6)12 = 5.5 and the average bit length per message is given by :-
〜 1 5 2 + 1 0 4 + 9 6 x 3 ^ ^ 1 5 2 + 1 0 4 + 9 6 x 4 
= 0 . 5 X + O.ox 
5 6 =108 bits 
=13.5 octets 
Now the necessary information to estimate the message queuing delay is ready. 
A single signalling link operating under the steady state traffic load condition will 
be considered. With reference to CCITT Recommendation Q.706, the M/G/1 
non-preemptive priority queuing discipline can be used to analyze the signalling 
link queuing characteristics. Thus the mean (Q) and variance (oq) of the message 
queuing delay is given by the equations :-
O - Tf , XEIS^] 
2 2 ( 1 - p) 
2 J l ,入印3】+入2作2】 
Q 1 2 3 ( 1 - P) 4 ( 1 - p)2 
where S 二 random variable of message service time 
入=message arrival rate 
p = link utilization =入E[S] 
C 二 transmission speed of link (64 kbits/sec) 
Tf = service time of a fill-in signal unit (0.75 ms) 
In dimensioning the signalling link, the criteria of 0.15M MSU/hr is used. 
Together with the fact that the average message bit length is around 13.5 octets, 
then the signalling link queuing delay is given by :-
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EIS] = = 1 .69 X 1 0 - 3 
P = O - I S M X 13 .5 X 8 = 0 . 0 7 0 3 
^ 3 6 0 0 C 
X = = 4 1 . 6 7 EIS] 
Q : Q.439m/g 
Oq = 0 , 3 8 6 ms 
Considering the processing delay of Signal Transfer Points and signalling points, 
the average transfer delay would be of the order of 100ms under normal loading 
conditions. Normally, each message passes through one to two STPs, two SPs 
(originating and destination) and two to three signalling links. Thus the addition 
of a few milliseconds to the order of a few hundreds of milliseconds of 
processing delay would be insignificant. Thus only the processing delay 
performance of STP and SP need to be considered in order to improve the post 
dialing delay performance of the signalling network. Thus the signalling message 
queuing delay are not to be considered. 
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Chapter 3 
Message Routing Policy 
The message routing policy refers to the scheme to direct how the incoming or 
originating signalling messages are routed from the incoming signalling link-set to the 
outgoing signalling link-sets or user parts. The Message Routing Policy is designed 
with the following targets :-
- t o even distribute the traffic loads on different signalling link-sets and signalling 
links inside a signalling link-set 
- t o prevent loop-back or infinite looping of signalling messages 
- a l t e r n a t e routings should be provided when the primary routes are failed in order 
to increase the availability of the signalling routes 
- i n order to minimize the transfer delay, the routing policy should choose the path 
with minimum number of Signal Transfer Points, in general a signalling relations 
shall not exceed two Signal Transfer Points in normal and single-failure 
conditions. 
The process to determine the routing of a signalling message will be mainly based 
on the information on the Message Signal Unit itself. These pieces of information 
includes Signalling Link Selection (SLS), Service Indicator (SI) and Network 
Indicator (NI). Besides, additional information which is implementation dependent is 
also required to assist the determination of routing. 
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3.1 Originating Signalling Point 
In the signalling point where signalling messages are originated, the signalling 
point should be equipped with databases to obtain the Destination Point Code 
(DPC) from the address or digit information obtained from calling subscribers. 
Upon reception of these addressing information, it searches the database for the 
DPC. If the DPC is same as its own signalling point code, no messages will be 
formed and sent otherwise an outgoing speech circuit will be reserved. The 
speech circuit is normally a time-slot within a PCM-24 system. The number of 
the PCM-24 system together with the time-slot number within the system 
constitutes a 12-bits Circuit Identification Code (CIC). The least significant 4 bits 
of the CIC called the Signalling Link Selection (SLS) together with DPC and 
Signalling Point Code of the originating signalling point (OPC) forms the routing 
label of the signalling messages and is embedded into the MSU. 
Now if the DPC and OPC are connected by Associated links, the message will 
be traversed via this associated signalling link-set. If this associated link is failed 
or the two signalling points are connected by Quasi-signalling links then the MSU 
will be traversed by the STP network. Since the signalling point is connected to 
2 Signal Transfer Points, the selection of the two possible signalling link-sets is 
based on :-
- SLS, which will be ranged from 0 to 15. As there is only two possible 
outgoing signalling link-sets, only the 2nd least significant bit will be used 
for the selection. 
- However, using the 2nd least significant bit solely cannot guarantee even 
load sharing between the two outgoing link-sets. One possible situation for 
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this is that, during slack hours, the traffic loading on speech circuits is low. 
Thus it may happen that the same voice circuit may be seized again and 
again and consequently the same outgoing link-sets is always used. 
- Thus in Hong Kong Telephone implementation, an additional information 
is utilized to ensure a more randomized selection of the outgoing link-sets. 
This is by means of the least significant bits of the DPC and the selection 
criteria is as shown in Figure 3.1. 
CQXp 
O I 1 
OTP SLS=XXOX ^ I ‘ 
Figure 3.1 Link-set Selection by Originating Signalling Point 3.2 Selection of Signalling Links 
As mentioned in previous chapters, the signalling link-set will consists of more 
than one signalling links. In order to even the loading between different 
signalling links within a signalling link-set, the SLS field will again be employed 
to serve this purpose in addition to the one mentioned above. In this case, all the 
4 bits of an SLS will be utilized. As the SLS is actually the least 4 significant bits 
of the time-slot number of a PCM-24 system, the value of SLS is not very 
exactly randomized between 0 to 15. Thus the following tables (for 6 and 8 
signalling links) are used to determine which signalling links are used for MSU 
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transmission within a signalling link-set taking this bias into considerations. The 
tables are applicable to all signalling points, including Signal Transfer Points. 
SLS Bits Referred Priority of Signalling Link 
D C B A 1st 2nd 3rd 4th 5th 6th 
0 0 0 0 0 1 3 5 4 2 
0 0 0 1 1 2 4 0 5 3 
0 0 1 0 2 3 5 1 0 4 
0 0 1 1 3 4 0 2 1 5 
0 1 0 0 4 5 1 3 2 0 
0 1 0 1 5 0 2 4 3 1 
0 1 1 0 3 1 2 4 0 5 
0 1 1 1 2 0 1 3 5 4 
1 0 0 0 5 3 4 0 2 1 
1 0 0 1 4 2 3 5 1 0 
1 0 1 0 0 4 5 1 3 2 
1 0 1 1 1 5 0 2 4 3 
1 1 0 0 1 5 3 4 0 2 
1 1 0 1 0 4 2 3 5 1 
1 1 1 0 4 2 0 1 3 5 
1 1 1 1 5 3 1 2 4 0 
The 6 signalling link case is shown above. The 4 bits of the SLS are named from 
A to D, where A is the least significant bit and D the most significant. The 
signalling links are numbered from 0 to 5. Suppose the value of the SLS field is 
0101. As read from the table, the first choice signalling link should the link 
number 5. However if this link is failed, the second choice link number 0 should 
be selected and so on. The 8 signalling link case is shown overleaf. 
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SLS Bits Referred Priority of Signalling Link 
D C B A 1st 2nd 3rd 4th 5th 6th 7th 8th 
0 0 0 0 0 1 3 6 5 4 7 ^ 
0 0 0 1 1 2 4 7 6 5 0 ^ 
0 0 1 0 2 3 5 0 7 6 1 ^ 
0 0 1 1 3 4 6 1 0 7 2 ^ 
0 1 0 0 4 5 7 2 1 0 3 6 
0 1 0 1 5 6 0 3 2 1 4 1 _ 
0 1 _ J 0 6 7 1 4 3 2 5 0 _ 
0 1 1 1 7 0 2 5 4 3 6 ^ 
1 0 0 0 2 4 1 6 7 0 5 
1 0 0 1 3 5 2 7 0 1 6 4 
1 0 1 0 4 6 3 0 1 2 7 5 
1 0 1 1 5 7 4 1 2 3 0 6 
1 1 0 0 6 0 5 2 3 4 1 1 _ 
1 1 0 1 7 1 6 3 4 5 2 0 _ 
1 1 1 0 0 2 7 4 5 6 3 1 _ 
1 1 1 1 1 3 0 5 6 7 4 2 
3.3 Signal Transfer Points 
The signalling messages routed into a Signal Transfer Point will be routed out to 
another Signal Transfer Point or a signalling point. In actual implementation, the 
selection will be determined by searching a routing table so that the processing 
time would be reduced and during selection of a suitable outgoing signalling link-
set, three situations may arise. 
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3.3.1 Same Cluster 
This is the situation when the OPC and DPC are located in the same cluster as 
indicated in Figure 3.2. The STPj receives signalling messages from SV-. By the 
principle to minimize number of STP traversed by the MSU, the outgoing link-
set leading to the destination signalling point (SPj) is always selected unless it is 
failed. Then an alternate link-set to the adjacent STPj is chosen. The case is 
symmetric when STPj receives message from SP” 
alwty« through this 
DPC=.XO y Q T p \ \ rouU unlttftft failed 
SLS=XXOX O • r j X：；：^  
DPC=…XI ^ ^ 
g \ jr route her® If the O D 1 
(！^ 。… 
DPC=.XO y / 
SLS=xxix 
DPC:…xi Q T P ^ ^ 
SLS=XXOX ^ I " j Figure 3.2 Message Routing within Same Cluster 
3.3.2 Adjacent Clusters 
This is the situation when the clusters containing the DPC and OPC are adjacent 
to each other. In this case, as indicated in Figure 3.3, the STP； receives the MSU 
from the originating signalling point (SPJ. It has two possible routes (Route 1 
and Route 2). Basically the least significant bit of SLS is used to determine the 
outgoing link-set. Similar to the arguement as in section 3.1, the randomness of 
this bit is not guaranteed. Thus the 2nd least significant bit of DPC is used 
together to select the outgoing link-sets in order to improve the randomness such 
that loading will be shared equally between the Route 1 and Route 2. In case 
either Route 1 or Route 2 is failed, the remaining one will always be selected. 
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If SPi transmits the MSU to STPj, the situation is reduced to as the Same Cluster 
case and policy mentioned in section 3.3.1 applies. 
Route 1 
DPO...OX DPC-...1X • • • „ 
8LS»XXX1 W 8LS-XXX0 
STP丨 1 STP丨+1 \ 
S L S - X X I X / \ / \ 
e ^ L i v A A g ) 
DPOOCO STP 丨 一 ^ ^ 
$LSaXX1X … • j 
or 、、 
SLS-XXOX 
\ Route 2 
DPC-...1X DPC-...OX . . , _ 
SLS=XXX1 w SL8=XXX0 — Figure 3,3 Message Routing for Adjacent Cluster Pair 
It should be noted that the routing policy here does not follow the basic principle 
to minimize the number of STPs traversed by the MSU, by which STPj should 
always be selected. This is due to more weight is given to consideration on load 
sharing such that STP^ and STPj can share the loading from SPj. 
3,3.3 Distant Clusters 
This is the case that the DPC and OPC are located in two distant clusters as 
depicted in Figure 3.4. The STP； receives MSU from SPj and it has three 
outgoing routes to select. In normal operating conditions, only Route 1 and Route 
2 will be used and the selection criteria follows exactly with that in section 3.3.2. 
In case Route 1 and Route 2 are failed together the alternate Route 3 will be 
chosen to transmit the MSU to an adjacent STP�. Now if STPj receives MSU 
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from SPi instead of STP., the same principle can be applied due to the 
symmetrical nature of the connections. 
Route 1 
DPO-.OX DPC«-.tX .,.,, 
SLS-XXX1 * SLS-XXXO » 
SSiiSc $TP| \ ‘ 7 STPi+i 
了 \ \ | ~ i Z 
D P O』 / \ q - r p / i \ S T P / 
SLS-xxox O I r J 。 • 厂 j + i 
/ ' ' \ 
Route 3 •• 
alternate route when Route 2 
route 1&2 both fall dpo...ix dpc»_.ox . , 
SLS-XXX1 SLS-XXXO 『*""• 
Figure 3.4 Message Routing for Distance Cluster Pair 
3,4 Destination Signalling Point 
In the destination signalling point where the signalling messages are destined. The 
signalling point will check the DPC field on reception of the message. If the DPC 
match with own signalling point code, it will then examine the Network Indicator 
and Service Indicator fields in the Service Information Octet. Base on the 
information, it decides which user part the message is destined and route the 
message to that user part. 
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Appendix ； STP Stages Estimation 
From the above discussion on message routing policy, it is able to estimate the 
average number of STP stages that one message will be traversed from the 
originating to destination signalling points in normal operating conditions. 
1. Consider a particular Cluster with balanced traffic to the 6 clusters. 
2. For same cluster, the average number of STP stages traversed is 1. 
3. For adjacent clusters, the average number of STP stages traversed is 1.5 
and there are a total of 2 adjacent clusters. 
4. For distant clusters, the average number of STP stages traversed is 2 and 
there are a total of 3 distant clusters. 
5. Thus the average number of STP stages traversed by an MSU is given by :-
广 ^ ^ hUu^� 
1 + 1 . 5 + 1 , 5 + 2 + 2 + 2 = ^ ^ c ^ ^ r ^ ^ ^ u ^ M 
6 
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Chapter 4 
Building the Simulation Model 
4.1 Modelling Objective 
From the description of chapter 2, the current planning and design practice used 
for Common Channel Signalling No. 7 Network are based on highly simplified 
assumptions of a well-balanced network. Thus it is difficult to locate where the 
signalling message traffic is most heavily loaded in the network if unbalanced 
message traffic pattern is being considered. Also to estimate the impact made by 
failed Signal Transfer Point or Signalling Link-set is not permitted. 
The planning tool to be developed here is intended to simulate the message 
loading of the whole STP network (including the STP nodes and the signalling 
link-sets interconnecting them) under diverse conditions, in normal operating 
condition and situations where STPs or signalling link-sets are failed. Also 
different message routing policies could be simulated with minimum alteration 
to the original model. After the model has been built up, CCS#7 network 
planning can be aided by this tool in which the performance of the network under 
different configurations and conditions could be estimated with a higher degree 
of accuracy and with ease. 
Two models will be built using the SIMSCRIPT II.5. The first model will treat 
the cluster of signalling points as one single message generator and the other one 
will treat individual signalling points in the same cluster as separate generators. 
Emphasis will be placed on message volume and delay performance is not going 
to be modeled. As explained in chapter 2, the post dialing delay will rely mainly 
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on processing transfer delay. To model this delay performance will mean 
modelling the processing within the STP node，which will be switch dependent 
or manufacturer dependent. A lot of information needs to be released by the 
manufacturer, which bears some difficulties. Since delay is not the main 
consideration in planning a CCS#7 network, its performance will not be 
modelled. 
The models require input data on call volumes, which can be obtained from 
actual measurements. Based on these data, the message volumes on different 
components of the CCS#7 network is worked out. The following sections will 
describe the two models in details. 
4.2 The Cluster Level Model 
The Cluster Level Model is built with each cluster of signalling points modelled 
as a single message generator generating messages to be routed by the STP 
network. The model is intended to evaluate the Signal Transfer Point Network 
performance on a macro basis without going into details about the signalling 
points. 
4.2.1 Message Generation 
The message generation in the cluster requires information, including :-
- cluster aggregate call generation rates 
- call mix from one cluster to other clusters 
- the average number of messages generated per call from originating point 
to destination point (taken to be 2) 
- the average number of message returned back from the destination points 
(taken to be 3.5) 
- tables containing the signalling point codes in each cluster 
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The first two will be obtained from traffic measurement or from estimation of 
planners and the latter two is revealed from appendix of chapter 2. With the data 
at hand, the message generation rate and a message mix to different clusters can 
be obtained. 
Assuming the inter-arrival time of messages generated in a cluster is 
exponentially distributed, that is Poisson arrival of messages. Thus the message 
generator can be modelled in the following way :-
- Upon an exponential random interval, a message will be generated. 
- The destination cluster for the message is chosen randomly according to the 
message mix table obtained from the measured call mix. 
- Once the destination cluster is worked out, a signalling point codes within 
the destination cluster is chosen randomly as the DPC for the generated 
message. 
- For the SLS field, it is obtained by randomly choosing a number between 
1 and 24 (corresponding to the time slot number in a PCM-24 system) and 
then retaining the 4 least significant bits of its binary representation as the 
SLS value. 
Each cluster is connected to two STPs, in the message generation, generated 
messages will be routed to the two signalling link-set in turn. 
4.2.2 Modelling Message Routing 
In principle, the outgoing routes for an incoming messages to an STP can be 
directly computed if a database storing the network configuration is available. As 
mentioned in chapter 3, the outgoing routes are determined from a set of one to 
two primary routes and optionally an alternate route. Thus it is expected around 
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2 to 3 accesses to the database is needed for each computation in order to obtain 
the outgoing routes for a single incoming message. This may add up to a large 
overhead when the message volume increases. 
Thus a routing table is designed to enable one database access for each outgoing 
route computation. The table turns out to be compact and consists of only 
52 rows X 7 columns. It is expected the simulation running time can be reduce 
by so doing. The columns of the table consists of the following fields :-
1. Incoming Link-set Number 
This is an office data setting inside the STP showing the numerical label of 
the incoming link-set where messages are routed into the STP. With the use 
of this parameter, the message can be prevented from infinite looping and 
loop-back by not sending the message out to a signalling link-set with the 
same label. 
2. Destination Cluster 
The cluster where the destination signalling point resides. 
3. Destination Point Category 
Category of the Destination Point, where 2 represents that the 2nd least 
significant bits of DPC is 0 and 3 otherwise. The use of this field is detailed 
in chapter 3. 
4 Load Sharing Mask for Primary Link-sets 
This is the mask to obtain the corresponding value of the bit positions in 
Signalling Link Selection field to determine which primary routes are to be 
used. In case there is only one primary routes, the SLS value is irrelevant. 
Thus this field will have 0 entry. If there is two primary routes, the least 
significant bit of SLS will be used for selection. Therefore this field will 
have an entry of 1. 
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5. Primary Link-set Number 1 and Primary Link-set Number 2 
These are the numerical link-set labels of the two possible outgoing link-sets 
from the STP for message routing. Primary Link-set Number 1 means the 
first choice outgoing link-set and Primary Link-set Number 2 the second 
choice, which will be selected if the first is failed. In some cases there may 
not have entry in the latter field since only one outgoing link-set will always 
be selected. 
6. Alternate Link-set Number 
This is the numerical label for an alternate outgoing link-set, which will 
only be used if all the primary link-sets are failed. 
Each STP or signalling link-set will keep two counters to count the number of 
messages routed to and out from it. Whenever a message is received, generated 
or transmitted the corresponding counters are updated. 
4.2.3 Modelling Failures 
Two types of failure are modelled - Link-set failure and STP failure. A table 
containing the status of different signalling link-sets, which indicates the 
operating conditions of signalling link-sets, are included for this purpose. During 
simulation running, whenever an outgoing route is to be used, its status will be 
checked against in the table to see whether it is operational or failed. If the first 
route is failed, an alternate route will be computed again based on the 
information of the routing table and its status checked. Thus the network 
performance under link-set failure can be evaluated by adjusting the status 
contents of the table. 
For STP failure, it can be modelled simply by setting all its link-sets leading to 
and outgoing from it to be failed so that the STP is isolated from the network. 
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4.2.4 The Simulation Procedures 
SIMSCRIPT II.5 simulation language is used to build up the model for the 
CCS#7 network. The model consists of 4 processes, 2 permanent entities and a 
number of routines. These constructs are used in the following manner. 
4.2.4.1 Processes 
The processes consist of :-
1. Cluster (Flow Chart in Figure 4.1) 
Cluster is modelled as a Poisson message generator process, containing a 
number of attributes to identify itself from other clusters. These attributes 
include a cluster identifier, link-set numbers connecting it to STPs and 
message generation rate. Each Cluster process will generate messages 
continuously by activating a Message process after exponential interval of 
time until the end of simulation. The attributes of the message will also be 
generated and assigned at the same time. The exponential function used here 
is dependent on the message generation rate of that Cluster. Also each 
Cluster process is independent of one another and generates messages 
irrespective of the messages generated by other clusters. 
2. Message (Flow Chart in Figure 4.2) 
Message process is used the flow of the message through the CCS#7 
network. It bears the attributes that are necessary in a message signalling 
unit, like OPC, DPC, SLS and also Incoming Link-set Number, DPC 
category, cluster of DPC and name of the originating point where the 
message comes from. The Message process will base on the contents of its 
attributes to search for the next destination by interrogating the routing 
tables of STPs and link-set table. On its passage through different STPs and 
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link-sets, its attributes (incoming link-set number and name of originating 
point) will be updated to reflect the its current position in the CCS#7 
network and the message counters of STPs and link-sets will be updated 
accordingly. The process ends with conditions that either the destination 
cluster is reached or no outgoing route can be found (a dead end). 
Begin Begin 
-Create a Message Search STP 
I 一 Routing table 
Generate Message I 
Attributes Search Link-set Table 
I 了 for Next Destination 
Activate Message I 
I Update Message 
Increase Time by an Attributes and Counters 
Exponential interval I ^ _ I 
[ _ ^ ^ e s t i n a t i o n \ 
_ _ ^ ^ i m u l a t i o n \ D e a d - e n d / 
No o u t / / 
Y e ^ Y e s I 
End I End 
Figure 4.1 Cluster Process Figure 4.2 Message Process 
3. Reset.Statistic (Flow Chart in Figure 4.3) 
Reset. Statistic process enables consecutive samples can be taken during one 
single simulation run. It resets all message volume counters of STPs and 
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signalling link-sets after reading their values and storing in a table. The 
activation time for the process can be specified in an input data file which 
will be read during simulation. 
4. Simulation.End (Flow Chart in Figure 4.4) 
Simulation.End process signifies the end of simulation. It is activated when 
the specified length of simulation is reached. On activation, it logs the 
results of simulation in an output file and stops all waiting processes in the 
waiting queue before exits. 
Begin 
Store Current 71 
Begin 
Statistic Sample r 
Output Statisitic to file 
Reset Statistic Counters 
stop Scheduled processes 
End I End 
Figure 4.3 Reset.Statistic Process Figure 4.4 Simulation.End Process 
4.2.4.2 Permanent Entities 
1. Signal Transfer Points and Routing Tables 
The STPs and their routing tables are modeled as two-dimensional 
permanent entities since these constructs are fairly stable during a simulation 
run. The STPs contain attributes to identify itself from others and message 
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counters while the routing tables contain the 7 fields (as mentioned in 
session 4.2.2 in this chapter) necessary for outgoing route determination. 
These two-dimensional permanent entities are treated as look-up table for 
the Message process to search for a suitable route. 
2. Link Sets 
Link sets are also modelled as permanent entities. It contains attributes of 
operational status, link-set identifier, two ends of connection and message 
counters. It is treated as a database for CCS#7 network configuration and 
look-up table for the status of signalling link-sets. 
4,2.4.3 Initialization Routines 
Before starting the simulation, a number of initialization procedures have to be 
performed first. This includes the initialization of various variables, activation of 
several processes and the creation of permanent entities, tables and matrices. The 
procedures are briefly described as follows :-
1. Declaration 
All definitions of processes, permanent entities, variables, matrices, 
statistical counters and constants are declared in the Preamble. 
2. Variables 
The global variables are initialized by the routine Read.Data which is 
called by the Main program and reads variables from an input data file (file 
name can be specified by the user). These variables include :-
- Time between simulation start and recording of the first sample 
- Time between successive samples 
- Number of samples to be taken 
- The random number stream to be used in the simulation 
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- Constants about the configuration of the network, including the 
number of clusters in the network, the number of STPs in the 
network, the number of signalling link-sets, the size (rows and 
columns) of the STP routing table and the number of routes connected 
to an STP 
- Traffic measurements data, including the average number of signalling 
message units per call attempt generated in the forward and backward 
directions，the call mix table to be read by calling the Read.Call.Mix 
routine and the call generation rate figures to be read by calling the 
Read.Cluster.Data which also reads in the signalling link-set number 
connected to each cluster. 
- Names of files storing the STP routing table data and output file name 
for statistical results after end of simulation. 
3. Permanent Entities 
After the necessary variables are read by the Read.Data routine, it 
will call the Create.STP.Route and Create.Link.Set routines to 
create the permanent entities and, at the same time, assigns their 
attribute value according to the read-in data. 
4. Matrices 
These include the matrices for storing sample data and the Signalling 
point codes for different clusters. The former is initialized in the 
Read.Data and the latter is read by the Read.Cluster.SPC from the 
a file named Cluster.mat. 
5. Conversion to traffic data 
The traffic data read in is based on call rate and call mix, which are 
required to be converted into message rate and message mix. This is 
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responsible by the Mess.Rate.Convert and to be called by the Main 
program. 
6. Activation of processes 
After all the above initialization, the Main program will create and 
schedule different processes as follows ••-
- create and activate Cluster processes at simulation start 
- schedule a Reset. Statistic process according the sample time 
interval and lead time for first sample 
- schedule a Simulation.End process at the end of simulation 
After all these initialization, the simulation can be started. The logical flow 
of the above procedures is shown in Figure 4.5. 
4.3 The Signalling Point Level Model 
From the Cluster Level Model, it is revealed that only the Quasi-associated links 
are considered, which is due to the fact that each cluster of signalling points are 
modelled as a single message generator. In the actual implementation, the 
signalling points may also be connected by means of Associated links (as 
discussed in chapter 1 and 2). This is required because of a number of reasons 
- The call or message volumes between the two signalling points are very 
high or the traffic nature is highly volatile. During busy hour, if the 
message traffic is handled by STP network, the other message traffic will 
also be affected. 
- The call or message traffic between the two signalling points requires a 
higher security or availability. This includes international traffic and traffic 
for value-added or revenue earning services. In this case, associated links 
will be provided. 
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Begin I 
_ ., Definition of all processes, 
Pr•抓We v>rlabto» and »ntltl»» 
Main Inltiftllzation Procedures — 
Start Reading Vari«bl««. 
Read.D«U Matrlc»» and TabI•參 | 
Create STP and Create.STP.Route Routing Tabl« 
Create Link-sets Status Cr»«to.Unk.Set ^ ^ Configuration table 
Read.Clustor.Data | Read Data on Clusters 




Create and Start 
Cluster Processes 
Schedule Reset.Statistic Process 
Activate SImulatlon.End Process 
Start Simulation 
End 
Figure 4.5 Initialization Procedures and Simulation Logic Flow 
Thus the cluster level model is insufficient to model this kind of connections and 
the signalling point level model is built. By using this model, signalling network 
planners could able to re-allocate signalling points from clusters to clusters to 
evaluate the effects, which is not easy to do with the cluster level model. 
In this model, the signalling points are treated as separate message generators, 
generating signalling messages inside a cluster independently with one another. 
Apart from this, the model is basically the same with the cluster level model. The 
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common parts are not repeatedly described here. Only the major differences are 
pointed out and described in the following sections. 
4.3.1 Message Generation and Routing 
In modelling the generation of messages, all pieces of information required in the 
cluster level model are also required here. However the cluster aggregate call 
mix is insufficient. The complete call matrix consisting the call mix from each 
signalling point to every other signalling point is required. In addition, the 
associated link connection among signalling points are also required. Thus the 
data volume is increased drastically. 
The call generation method follows exactly of that in the cluster level model but 
the generated messages may not be routed by the STP network. When a message 
is generated by a signalling point, the table containing the associated link 
information is searched to see whether associated link exists between the message 
generating signalling point and the destination signalling point. If it exists, the 
message is not routed through the STP network otherwise it is traversed through 
the STP network in the same manner as in the cluster level model. 
4.3.2 Simulation Procedures 
Most of the routines in the cluster level model is redeployed here. The Cluster 
process is replaced by the Signalling.Point process but basic flow is the same. 
An additional temporary entities is added, Call.Mix, which is belonged to the 
Call.Queue queue. The Call.Mix entities are used to store data on signalling 
points call volume, call mix and presence of associated links and the employment 
of the Call.Queue queue is to cater for the need that variable signalling points 
may be connected to different clusters and also the connection may be changed 
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from time to time. The usage of a queue structure is easier to cater for the 
situation than an array. The initialization of the Call.Queue is added to the 
initialization procedures by the addition of the Read.SPC.sim routine, which is 
called by the Read.Data.sim. Also to cater for the additional entities, some other 
routines are moderately modified but the details are not mentioned here. 
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Chapter 5 
Network Planning and Evaluation with the 
Simulation Model 
^A Model Testing 
The Cluster level and Signalling Point level models are identical in the sense of 
message routing. Therefore testing one of the model is sufficient and for 
simplicity the Cluster level model is chosen. 
The model will be tested by a perfectly balanced call mix pattern with the 
following details :-
- The percentage of calls from any cluster to any destination cluster is 
16.66% of the total generated calls. 
. - The average time interval to generate a call is taken to be 0.2 second, which 
� 
is about 50 to 100 times higher than the actual figures (around 0.005 to 
0.01). This is to minimize the simulation run time and since only the 
relative magnitudes are required to be compared, choosing this figure for J 
testing purposes should be appropriate. 
- The simulation is let running for 400 seconds and 4 consecutive samples are 
taken for a simulation interval of 100 seconds. The 4 samples are averaged 
/ 
and then multiplied by 36 to give an estimate for the loading of the STPs 
and Signalling Link-sets during a one-hour duration. 
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The results of the testing is represented graphically in Figure 5.1. From the 
figure, the following are drawn ••-
Items Message Volume in million MSU/hr 
Mean Standard Deviation 
Cluster Transmitted 0.09955 0.00050 
Cluster Received 0.09955 0.00050 人…… 
STP Loading 0.16583 0.00069 t h ^ 
Inter-adjacent STP""“ 0:00834 ：^  0.00024 c ^ ^ ^ 
signalling link-set c>,。。；^  
Inter-distant STP 0.01657 . 0.00032 & u e s 
signalling link-set 
From the above table, the standard deviations for the testing results are within 
acceptable level. Only Message Volume for "Inter-adjacent STP signalling link-
set" shows a relatively larger standard deviation and all others are at least two 
order of magnitudes lower than the mean values. These results show that the 
performance of the Cluster level model is acceptable and reveals that the model . 
is free from programming and data entry errors. 
5.2 Comparison with Analytical Results 
Analytical results for the well-balanced network can be obtained by the following 
manner :-
- Each cluster is assumed to generate 24A message traffic with 4A to every 
other cluster, where A is an arbitrary constant. 
- Choose one cluster, say cluster 1，and start there to work out the message 
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- First the 4A message traffic from cluster 1 to cluster 1 is considered and 
following the message routing policy described in chapter 3, the message 
loading to STPs and signalling links due to this portion of traffic is work 
out. Then consider 4A message traffic from cluster 1 to cluster 2 and so on. 
- Next choose another cluster, say cluster 2, and the above process is 
repeated. 
- Finally the message loading due to different traffic portions are summed up 
to obtain the analytical results in a well-balanced network condition. 
The case for normal operating conditions is indicated in Figure 5.2. 
( 2 4 A ) ( 2 4 A 1 
V ^ A ^ I — — 
— ^ ^ 4 〇 A A 
V I 4 0 A I ^ ' A / 4 ， 4 〇 A 
i 2 4 A ) ( 2 4 A 
w w 
Figure 5.2 Analytical Message Loading Distribution for Balanced STP Network 
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Comparing with the test simulation results, the following table is obtained :-
Items Message Volume in million MSU/hr 
Analytical Simulation 
Cluster Transmitted 24A 24 x 0.004148 
Cluster Received 24A 24 x 0.004148 
STP Loading 40A 40 x 0.004146 
Inter-adjacent STP 2A 2 x 0.004170 
signalling link-set 
Inter-distant STP 4A 4 x 0.004143 
signalling link-set 
The results indicated that the estimated values in the constant A from the 
simulation results only differ in the 10—5 position. Once again reveals that the 
model built is reliable and free from errors. 
5.3 Modelling with 1 STP Failure 
The analytical results for the impacts of 1 STP failure on the message traffic 
loading to other STPs and signalling link-sets are shown in Figure 5.4 using the 
same procedures as in section 5.2. Simulation results for 1 STP failure are also 
obtained using the same simulation data settings as in section 5.1 and without loss 
of generality, TPC (1) is chosen to the failed STP. The results are graphically 
represented in Figure 5.3. 
From these two figures, the estimation in utilization of STP and Signalling Link-
sets can be obtained. These figures should be observed in planning the message 
handling capacities of signalling network components in that sufficient capacity 
should be reserved to meet the single failure conditions. 卜 
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2 4 A 2 4 A 
V 3 9 A 4 A 〉 3 9 A 
Figure 5.4 Analytical Results for 1 STP Failure 
Again a comparison can be made in the following table :-
Results Worst Case Message Volume in million 
MSU/hr 
STP Link-set of Link-set of 
Adjacent STPs Distant STPs 
Normal 40A ^ 4A 
… 1 STP failed 61A 4A 9A Analytic 
Ratio 65.57% 50.00% 44.44% 
Normal 0.16583 0.00834 0.01657 
1 1 STP failed 0.253 0.0164 0.0373 
Simulation _^ Ratio 65.55% 50,85% 44.42% 
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Once again the table shows that the simulation results has closely matched with 
the analytical results and thus revealing the validity and reliability of the models. 
The ratios obtained in the table should be considered in planning the signalling 
network. They are the utilization or usage ratio during the normal operating 
conditions and the normal loading should not exceed the capacity multiplied by 
this ratio otherwise, during one STP failure, the increased loading will exceed the 
design maximum loading and some of the message traffic will be lost. Actually 
the normal loading will be well below this figure to allow for transient traffic 
upsurge and allow margins for future growth. 
5.4 Simulation With Measured Data 
So far for the model testing and now measured data will be used for the 
simulation run. The measured data are obtained in the following manner, which 
are the usual practice for Hong Kong Telephone :-
- Speech circuit traffic is measured on per exchange (signalling point) basis. 
- Speech circuits from one exchange to a destination exchange are grouped 
into one single route. During measurement, the speech traffic for the whole 
route is monitored and the busiest hour figure is logged. The traffic figures 
obtained are called Route Group Busy Hour Traffic. 
- Then the offered traffic, which is the actual total traffic, including traffic 
loss due to all route busy and processing loss, is estimated from the above 
measured traffic. 
- The call attempts at the Route Group Busy Hour are logged at the same 
time and again the offered call attempts are estimated. 
In the simulation, this offered call attempts are used as the call attempts data. The 
January 1992 measured data are used. For the Cluster Level model, the presence 
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of associated links is ignored and the total aggregate offered call attempts are 
obtained for each cluster as the cluster generated call volume. The simulation is 
let running for 100 seconds and then 4 consecutive samples are taken at 100 
seconds interval. The samples are averaged and multiplied by 36 to obtained the 
estimates for busy hour message loading. The simulation results are shown 
graphically in Figure 5.5. 
The same set of data are used in the simulation by the Signalling Point Level 
model using the same method to estimate the busy hour message loading. The 
simulation results are shown graphically in Figure 5.6 
Comparing the results of the simulations employing different models, the results 
for the Signalling Point Level Model shows a lower message loading for every 
components in the signalling network than that of the Cluster Level Model. This 
is due to the fact that some message traffic is off loaded by the presence of 
associated links. 
The January 1992 measured signalling network message loading is shown in 
Figure 5.7 graphically. Comparing the measured figures with the simulation 
results, it is noticed that quite large discrepancies are found. Although the 
simulation results using different models agree with each other, they does not 
agree with the measured one. This is due to the following reasons :-
- As mentioned the call attempts figures used in the simulations are based on 
the offered call estimates from measured call attempts, which in turn are 
according to the Route Group Busy Hour where measured traffic is 
maximum. 
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- Since traffic equals to holding time times call attempts, the route group busy 
hour for traffic is not always the busy hour for call attempts, which depends 
on the length of call holding times. As a result, the call attempts data may 
not reflect the actual maximum call attempt figures. 
- As messages traffic depend solely on call attempts not call traffic, the above 
problems are major contributions to the large discrepancies. This, however, 
is inevitable at the present, since in speech circuit dimensioning, traffic 
rather than call attempt is considered. 
- In addition, the measurement for signalling network message loadings are 
made in the STPs and the maximum figures for an hour duration during the 
measurement period are logged as the busy hour figure for that STP. It can 
be expected the measured call attempt figures for the signalling points will 
not all fall in the same busy hour session of that of the STPs. Thus the data 
compared are based on different time period. This is also a significant 
factor causing the discrepancies. 
- A minor contribution is due to the data validity. As the measurements are 
made on different exchanges, faults and outage in individual exchanges will 
result in data inaccuracy. 
In order to utilize the simulation in actual network evaluations, the best approach 
is to conduct measurements based on Route Group Busy Hour Call Attempts in 
addition to Route Group Busy Hour Traffic measurements. As measurements 
based on call attempts is not available now, the best estimation based on the 
available information can be made is to assume each cluster generating message 
volume same as the measured figures with a percentage mix same as the traffic 
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The message loading from a simulation run using the Cluster Level model with 
this estimation is shown graphically in Figure 5.8. Although the results shown 
in Figure 5.7 and Figure 5.8 still indicate some extent of deviation, it is the best 
estimation that can be made from the available information and the discrepancies 
when compared with Figure 5.6 is greatly reduced. Therefore this criteria of 
estimation will be used throughout the following sessions. 
5.5 Network Performance Evaluation 
As the criteria of how to utilize the measurement results is set, the simulation 
models can now be employed to evaluate the network performance in diverse 
situations, in normal and failure conditions. 
5.5.1 Normal Conditions 
The normal conditions refer to all signalling network components are in normal 
operating status. This is revealed from Figure 5.8 and the following can be 
drawn from the figure :-
- The ADM (5) STP is the most heavily loaded STPs. This is the results of 
unbalanced allocation of signalling points to the clusters resulting in cluster 
(1) generating the highest message traffic volume to its connected STPs. 
- The message volume of the most heavily loaded STP is around 4M 
MSU/hr. Assuming 20% margin of the STP capacity is reserved to 
accommodate message traffic growth and the utilization ratio of 65% 
obtained from the section 5.3 can be applied here, then the required 
maximum capacity of the STP should be around 8M MSU/hr (4 + 0.65 + 
0.8). Now the existing maximum message handling capacity of STP is 20M 
MSU/hr. Thus it can be concluded that the STPs are under utilized. 
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- Considering the inter-adjacent STP signalling link-sets and taking the greater 
of the message volumes flowing through the signalling link-sets in different 
directions as the message loading of the signalling link-sets, it can be seen 
that the most heavily loaded signalling link-set (number 56) has a loading 
of around 0.3M MSU/hr. The signalling link-sets are equipped with 6 
signalling links. Again assuming the usage ratio of obtained in section 5.3 
can be applied here and leaving a 20% margin, the required capacity would 
be around 0.75M MSU/hr. 6 signalling links represent a total message 
handling capacity of 0.9M MSU/hr. Thus these links are a bit under 
utilized. 
- Considering the inter-distant STP signalling links, the most heavily loaded 
signalling link-set (number 46) has a loading of around 0.45M MSU/hr. 
Using the above estimation method, the required capacity is about 1.3M 
MSU/hr (0.45 + 0.44 + 0.8). The signalling link-sets are equipped with 8 
signalling links. Thus the maximum capacity is 1.2M MSU/hr and therefore 
the most heavily loaded inter-distant STP signalling link-set is a bit lower 
than requirement if 20% margin is required. 
5.5.2 STP Failures 
In the normal operating conditions, performance evaluation results same as above 
can also be drawn from the signalling network measurements but by using the 
developed simulation tool, the network performance during component failure 
conditions can be evaluated. The case of single STP failure is skipped since past 
events showed that the signalling network is able to sustain if a single STP is 
failed. Therefore double STP failures will be testified using the Cluster Level 
model and the simulation is carried out in the following manner :-
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- The simulation input data are estimated from the measurement results same 
as described in section 5.4. 
- From the previous section, it is found that ADM (5) is the most heavily 
loaded STP. Thus KGR(4) and LHK (6) are chosen to be the failed STPs, 
which will increase the loading at ADM (5) by the largest extent. 
The simulation results are shown graphically in Figure 5.9. From the figure, the 
following findings are observed :-
- Message loading at ADM (5) is increased to about 8M MSU/hr, which still 
leaves much operating margin compared to its 20M MSU/hr capacity. 
- The most heavily loaded signalling link-sets (number 35) is about IM 
MSU/hr, which is again within the maximum capacity of 1.2M MSU/hr. 
- The total message loading for the remaining 4 STPs are around 23M 
MSU/hr. Compared with the total capacity of 80M MSU/hr, actually 4 
STPs should be able to handle all the message traffic. 
5.5.3 Signalling Link-set Failures 
Apart from STP failure evaluation, the case of signalling link-set failure can also 
be evaluated by the developed simulation tools. In order to compare the relative 
significance of STP and Signalling Link-set failures, a more severe failure 
condition is going to be simulated here, that is triple signalling link-set failures. 
The simulation is carried out in the following way :-
- Again choosing the most heavily loaded STP, ADM (5), as the focus point. 
Its three inter-distant STP signalling link-sets (link-set number 15，25 and 
35) are made failed. 
- The simulation input data are same as that in the STP failure simulation. 
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The simulation results are again shown graphically in Figure 5.10. Comparing 
the results with that of normal condition, the following are revealed :-
- The message loading of the remaining inter-distant STP signalling link-sets 
are increased, with the worst case figure of 0.65M MSU/hr for link-set 
number 36. Although this represents about 40% increase from its original 
value of 0.47M MSU/hr, this is still well within the maximum capacity. 
- The worst case inter-adjacent signalling link-set (number 45) increased from 
0.2M to 0.6M MSU/hr and again well within the maximum capacity. 
- The STP message loading of ADM (5) is off loaded by about IM MSU/hr 
and its adjacent STPs (KGR (4) and LHK (6)) increased by about IM 
MSU/hr but this is only a small portion when compared with their 
maximum capacities. 
Thus it is noticed that signalling link-set failures are less vital that STP failures 
in that with multiple link-set failures, the impacts to the remaining network 
components are only moderate. 
5.6 Network Planning 
From the previous section, the signalling network performance under diverse 
conditions can be estimated using the developed tools. From the evaluation 
results, it is found that ••-
- The signalling points allocation to clusters results in unbalanced message 
traffic. 
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With these findings, the developed simulation tool can again be utilized to assist 
the planning of the signalling network in ways described in the following 
paragraphs. 
5.6.1 Re-allocation of Signalling Points 
The message traffic generated from different clusters are different. By re-
allocating signalling points from clusters to clusters should in principle be able 
to re-balance the situation. However by re-allocating a single signalling point 
from one cluster to another cluster, not only the message traffic of these two 
affected clusters will change but also the other 4 clusters. Thus the re-allocation 
of one single signalling points will affect the whole traffic pattern and it is 
difficult and tedious to estimate the pattern after the re-allocation analytically or 
even intuitively. 
The signalling point level model can thus be utilized. Simply by redefining the 
clusters that a signalling point belongs in the input data, its effect to the whole 
traffic pattern can then be estimated. By repeating the simulation a number of 
times each with different cluster definition for signalling points, a near optimum 
allocation could be obtained and used for actual implementation. 
5.6.2 Re-configuration of Signalling Network 
Actually only 4 STPs are necessary for the Hong Kong Telephone network 
considering the existing message traffic volume. If it is going to re-configure the 
network to become a 4-STP network by removing two STPs, the cluster level 
model can be used to estimate the signalling links requirements for every 
signalling link-sets in the new configuration by simply making changes to the 
simulation input data. Also the message handling capacity for the STPs in the 
new configuration can be estimated. 
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In addition, the signalling point level model can again be used to find out the best 
allocation of signalling points to the 4 clusters in the reconfigured signalling 
network. 
5.6.3 Associated Link Provision Policy 
Currently the associated links between signalling points are provided if the speech 
circuit connecting the signalling points are over 150 in number. This policy is set 
out by Hong Kong Telephone in view of cost consideration only. That is under 
this situation the cost to set up an additional associated link is justified 
considering the volume of message traffic between the two signalling points. 
However, the insights of the policy to the performance and impacts of the 
signalling network are always lacking. 
With the help of the signalling point level model, the effects of different 
associated link provision policy can be estimated. Suppose the provision threshold 
is changed to 200. Then the speech circuit connections between signalling points, 
that are greater than this threshold, are sorted out, input data on associated links 
connection amended and input to the model for simulation. 
5.6.4 New Message Routing Policy 
The effects of new message routing policy to network component loadings can 
also be estimated with the simulation tools. However, it depends on how the new 
routing policy is different from the present one, to accomplish this, program 
modification may be needed but it is expected in most cases, only amendments 
to the routing tables are all that needed to estimate the signalling network 
performance under the situation of new message routing policy. 
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Discussion and Conclusion 
The basic architecture, design criteria and message routing method in Common 
Channel Signalling No. 7 is discussed. The existing signalling network in Hong Kong 
Telephone is also described. Traditionally a well balanced network is used in order 
that analytical results on signalling network message loading and in turn capacities 
of individual components could be obtained. However this method could not be 
applied in case of unbalanced traffic pattern. Thus two models, the Cluster level and 
Signalling Point Level models, are built so that the evaluations of network 
performance and planning of signalling network can be made easier with sufficient 
accuracy. The validity of the models are tested by contrasting with that of analytical 
results and found that the simulation results bear a high precision when compared 
with the analytical figures, thus confirming the reliability of the models. As the 
validity of the model is confirmed, the same model can then be used to evaluate 
impacts on message loading due to failures of signalling link-sets or even multiple 
failures. This simplify signalling network planning as the routine procedures to obtain 
analytical results for different failures are error-prone and tedious. 
Actual data are then employed and the results of simulations using the two different 
models show consistency with each other but large discrepancies are found when 
actual measured data are compared. This is explained in the previous section that the 
large discrepancies are due to the measurement methods and processes, which is not 
due to errors in modelling. Thus employing the model to reflect real case situation, 
additional measurements based on call attempt busy hour is required. If the busy hour 
call attempt figures could be collected, close to measured figures on signalling 
network performance could then be estimated by utilizing the simulation model. The 
most heavily loaded signalling network components can be identified and various 
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relieving action plans testified using the same model. For example, if it is found that 
KGR (4) is the most heavily loaded STP due to the imbalance of exceptionally high 
message traffic from Cluster (1) (refer to the simulation results in chapter 5), we can 
try to reallocate those signalling points in Cluster (1) to lower message traffic 
clusters, say Cluster (2), and start another simulation run, to see whether it is 
message loading is now balanced or not. The process can be iterated a number of 
times to obtain the best reallocation scheme before actual implementation. 
The performance analysis also provides figures to evaluate the capacity utilization of 
the present network components. As the capacity for different components are 
known, from the simulation results, components loading are estimated. The 
percentage utilization can then be evaluated to see whether design targets are met. 
These targets include the capacity reserved to cater for 1 STP failure and margins to 
cater for future signalling traffic growth due to introduction of new services. 
Apart from these, the simulation model can also be used in evaluating the 
effectiveness of different network topology and message routing policy. These can 
be achieved by changing the contents of the routing tables and network connection 
database without program modifications. 
Furthermore, in a broader sense, the simulation model may be integrated into a 
network planning expert system, in which the expert knowledge in network planning 
is extracted and converted into input data for the above simulation models. Then the 
network performance is evaluated and feed back to the expert system for further 
analysis and actions. 
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